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ABSTRACT 
 
Stefanie L. Dilts: Zircon Inclusion Suite Analysis of the Ashe Metamorphic Suite, NC: 
Implications for Exhumation History of Eclogite 
(Under the direction of Dr. Kevin Stewart) 
Previous research suggests the Ashe Metamorphic Suite (AMS) in northwestern 
North Carolina contains individual eclogite blocks which were entrained within an 
amphibolite-facies accretionary wedge. However, garnet inclusions within zircon from AMS 
amphibolite and amphibolite-facies biotite-hornblende gneiss preserve a record of near-peak 
eclogite-facies metamorphism. The Raman spectra from these garnet inclusions match a 
Raman spectrum from garnet inclusion within zircons in AMS eclogite. This indicates garnet 
inclusions from zircon in AMS amphibolite, biotite-hornblende gneiss, and eclogite have a 
similar composition forming under comparable P/T conditions. Inclusions in zircon from 
AMS eclogite include pyrope-rich garnet and omphacite, suggesting that zircon formed at 
near syn-peak eclogite-facies metamorphism. Therefore, growth of zircon in AMS 
amphibolite and biotite-hornblende gneiss occurred at near-eclogite facies conditions. These 
findings provide evidence that AMS eclogite, amphibolite, and biotite-hornblende gneiss 
once constituted a regional eclogite-facies terrane. This regional eclogite-facies terrane was 
likely exhumed by either extensional unroofing or slab extrusion.  
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CHAPTER 1  
INTRODUCTION 
The Eastern Blue Ridge contains predominantly late Precambrian-early Paleozoic 
metasedimentary and metavolcanic rocks that are interpreted as slope and rise sequences 
deposited in part on continental and in part on oceanic crust (Hatcher, 1978). The Eastern 
Blue Ridge province contains eclogitic blocks discovered in the Ashe Metamorphic Suite 
(AMS) by Rod Willard and described by Willard and Adams (1994; Figures 1 and 2). Meter- 
to kilometer-scale eclogite blocks are located near the base of the AMS, which is bounded on 
the west by the NE/SW trending dextral Burnsville fault.  
Determining the exhumation mechanism for the large eclogite blocks of the AMS is a 
focus of ongoing research. Published models suggest that eclogite-facies rocks are typically 
exhumed by one of three mechanisms; as high-grade blocks entrained in flowing accretionary 
wedge (e.g. corner-flow model; Cloos, 1982), through slab extrusion (e.g. Ernst et al., 1997; 
Ye et al., 2000; Rubatto and Hermann, 2001; Burov et al., 2001; Froitzheim et al., 2003), or 
by exhumation through extensional unroofing within an accretionary wedge (e.g. Platt, 
1986). The Blue Ridge eclogite exhibits properties that are consistent with each mechanism. 
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The eclogite blocks are surrounded by lower grade metasedimentary and metaigneous 
rocks, suggestive of an accretionary wedge (Raymond et al., 1989), which supports 
exhumation by the corner-flow model mechanism. However, the size (>1 km) of the 
individual AMS eclogite blocks is too large to be carried within a flowing accretionary 
mélange (Cloos, 1982).  In addition, Syvertsen (2006) determined that all of the blocks have 
similar orientation of c-axes of omphacite, suggesting the individual eclogite blocks are 
aligned.  Both of these observations support exhumation as a regional eclogite-facies terrane 
consistent with both the slab extrusion and extensional unroofing models. If the AMS 
eclogite was exhumed as part of a regional eclogite-facies terrane, the intervening AMS 
amphibolite-facies rocks would have experienced eclogite-facies metamorphism and then 
retrogressed to amphibolite facies. 
This project is focused on testing whether the AMS was exhumed by corner flow, 
extensional unroofing, or slab extrusion by determining whether the eclogite-bearing AMS 
constitutes a regional eclogite-facies terrane. This was accomplished by studying mineral 
inclusions in zircons separated from AMS amphibolite-facies rocks surrounding the eclogite.  
This study investigates two possibilities.  First, if the zircons in the lower-grade AMS 
rocks surrounding the eclogite contain mineral inclusions characteristic of eclogite-facies 
metamorphism, such as omphacite and pyrope-rich garnet, then these lower-grade rocks 
experienced eclogite facies metamorphism. Eclogite-facies mineral inclusions in zircon 
would support the hypothesis that the AMS rocks were all part of a regional eclogite-facies 
terrane. Conversely, the absence of eclogite-facies minerals in the amphibolite-facies rocks 
would suggest one of two scenarios; 1) that the amphibolite-facies rocks never reached 
eclogite facies or 2) the amphibolite-facies rocks experienced eclogite-facies metamorphism, 
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but either no zircon formed at that time, or all of the minerals recrystallized during retrograde 
amphibolite-facies metamorphism.  If the AMS rocks never reached eclogite-facies, then the 
large blocks of the AMS eclogite must have been emplaced within lower-grade rocks of an 
accretionary wedge without significant rotation of the blocks, thus preserving the uniform 
orientation of the omphacite lineation among different blocks (Syvertsen, 2006). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
  
 
 
 
 
 
 
CHAPTER 2  
GEOLOGIC SETTING 
Three distinct orogenies are responsible for the southern Appalachian Mountains:  
Taconic (about 480 to 460 Ma), Acadian (440 to 350 Ma), and Alleghanian (330 to 265 
Ma)(Drake et al, 1989; Hatcher et al., 1989; Osberg et al., 1989; Rankin et al., 1989; Butler, 
1991). The Taconic orogeny resulted when the Piedmont terrane collided with ancestral 
North America (Laurentia). The Taconic orogeny is recorded in the AMS by regional 
amphibolite-facies and, at least, local eclogite-facies metamorphism (Trupe et al., 2004) that 
we see today. Adams et al. (1995) interpreted the Burnsville fault as an Acadian dextral, 
strike-slip fault that reactivated the Taconic suture, due to the separation of continental rocks 
to the west from accretionary wedge sediments and other rocks of oceanic affinity to the east.  
The Alleghanian orogeny occurred when Gondwana collided with Laurentia during 
the formation of Pangaea (Hatcher et al., 1989). The Alleghanian orogeny resulted in the 
transportation of five major thrust sheets towards the Laurentian craton to create the Blue 
Ridge in northwestern North Carolina (Hatcher and Goldberg, 1991; Trupe et al., 2004). The 
AMS is located at the base of the Fries thrust sheet, the structurally highest Alleghanian 
thrust sheet in the eastern Blue Ridge (Figures 1 and 2).  
Metasedimentary and metaigneous rocks of the AMS are found southeast of the 
Burnsville fault and include, schist, gneiss, amphibolite, calc-silicate rocks, dunite, altered 
ultramafic rocks, and eclogite (Abbott and Raymond, 1984; Trupe et al., 2004). The lithology 
of the AMS, block-in-matrix structures, and clastic wedge deposits to the northeast (e.g. 
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Drake et al., 1989) suggest the AMS is an ancient accretionary wedge (Raymond et al. 1989). 
Sedimentary protoliths (predominantly sandstones and mudstones) of the AMS are possibly 
(but not conclusively) derived from Laurentian basement rocks and were deposited on either 
oceanic crust and/or the slope-rise of Laurentian crust (Hatcher and Goldberg, 1991). 
Amphibolites are interpreted to be metamorphosed oceanic crust derived from a spreading 
center with a tholeiitic composition (Misra and Conte, 1991).  
2.1 AMS THERMOBAROMETRY 
The AMS eclogite occurs as layers up to 120 m thick that are traceable up to 1 km in 
length (Figure 2; Adams et al., 1995). Gradational contacts exist between eclogite and 
amphibolite in outcrop, hand sample, and thin section (Willard and Adams, 1994; Adams et 
al., 1995), which indicates either incomplete prograde metamorphism or retrogression. Miller 
et al. (2000) obtained ages from eclogite mineral fractions and found three major groupings 
of ages, 459 +1.5/-0.6 Ma (U-Pb zircon – eclogite), 394 ± 4 Ma (U-Pb titanite – 
amphibolitized eclogite) and 335 Ma (U-Pb rutile – both eclogite and amphibolitized 
eclogite), suggesting correlation to the Taconic, Acadian, and Alleghanian orogenies 
respectively. The U-Pb age of zircon is interpreted as the age for near-peak eclogite-facies 
metamorphism during the Taconic orogeny (Miller et al., 2000). The U-Pb age of titanite 
cooling is interpreted to represent the Acadian orogeny (Miller et al., 2000). The U-Pb age 
for rutile is interpreted to represent the final cooling stage of eclogite during the Alleghanian 
orogeny (Miller et al., 2000).  
 The primary mineral assemblage of the eclogite is omphacite, pyrope-rich garnet, 
quartz, and rutile (Willard and Adams, 1994; Adams et al., 1995; Page et al., 2003). Peak 
eclogite-facies metamorphic temperatures have been estimated by different authors as 700˚C 
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using clinopyroxene and hornblende inclusions in garnet cores (Page et al., 2003), 625-790˚C 
using adjacent garnet and omphacite (Willard and Adams, 1994), and 730-790˚C using 
garnet cores and omphacite (Lee et al., 2001). Minimum pressure estimates are 9-13 kbar 
(Page et al., 2003), 13-17 kbar (Willard and Adams, 1994), and 14-16 kbar (Lee et al., 2001), 
the absence of coesite constrains the maximum pressure to 28-29 kbar. In contrast, peak 
metamorphic conditions preserved in the AMS amphibolite-facies metasedimentary rocks 
adjacent to AMS eclogite are estimated to be 6-8 kbar and 580 to 640˚C (Willard and Adams, 
1994). Peak metamorphism for AMS amphibolite is estimated at 7.5 kbar and 600-650º C 
(McSween et al., 1989), 8-11 kbar and 675-705ºC (Adams and Trupe, 1997), and 7.9-8.6 
kbar and 655ºC (Abbott and Greenwood, 2001).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
  
 
 
 
 
 
 
CHAPTER 3  
PREVIOUS WORK AND EXHUMATION HYPOTHESES 
 As the AMS is believed to be an ancient accretionary wedge, previous and current 
research regarding the exhumation of this complex has focused on testing whether the AMS 
eclogite was exhumed by corner flow or extensional unroofing. This section includes a 
review of the corner-flow, extensional unroofing, and slab-extrusion models (which require 
continental collision), and the data that support each model. 
3.1. CORNER-FLOW MODEL  
Cloos (1982) numerically modeled the exhumation of exotic eclogite and blueschist 
blocks within the mud matrix of the Franciscan Complex. Flow in this model is driven by the 
subducting plate and occurs in the deep, low-angle corner of the accretionary wedge (Figure 
3; Cloos, 1982). This flow creates a mechanical convection that can exhume blocks of 
eclogite (Cloos, 1982). The maximum block size that can be exhumed, based on an average 
viscosity of a typical mud, is 25 m in diameter. Eclogite blocks entrained within the AMS 
locally exceed 1 km, too large to have reasonably been exhumed by this corner-flow model. 
To successfully exhume large eclogite blocks using the corner-flow model, sediments must 
have a viscosity greater than 1017 poise (Cloos, 1982), or be emplaced within a serpentinite 
mélange (Schwartz et al., 2001). The AMS eclogites are not surrounded by serpentinite; 
therefore, to exhume eclogite blocks using the corner-flow model, AMS sediments must have 
had an unusually high viscosity of greater than 1017 poise. Because the AMS schist has been 
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metamorphosed to at least amphibolite facies, there is no way to estimate the original 
viscosity, although there is no reason to assume it was unusually high.  
 
3.2. EXTENSIONAL UNROOFING MODEL 
Syvertsen (2006) tested the hypothesis that eclogite blocks were part of a regional 
eclogite-facies terrane by studying an eclogite-facies deformation fabric preserved within 
widely scattered eclogite blocks. If c-axis orientations of omphacitic pyroxene in the 
different blocks are parallel to each other, it suggests that the individual eclogite blocks were 
once part of a regional eclogite-facies terrane. A lattice preferred orientation (LPO) study of 
omphacitic pyroxene in AMS eclogite found roughly parallel c-axis lineations among five 
separate eclogite blocks (Syvertsen, 2006). This pattern suggests that the AMS eclogite 
blocks are part of a regional eclogite-facies terrane (Syvertsen, 2006).  
Exhumation of regional eclogite-facies terranes by crustal extension at convergent 
boundaries has been proposed for three high-pressure terranes: the Franciscan Complex, the 
Alps, and the Betic Cordilleras (Figure 4; Platt, 1986). Underplating of sediments beneath the 
  
  
  
11 
accretionary wedge will oversteepen the wedge, resulting in extension to regain stability 
(Platt, 1986). Extensional unroofing could exhume a regional eclogite-facies terrane, which is 
consistent with the uniform c-axis orientations among the AMS eclogite blocks. If 
extensional collapse was responsible for eclogite exhumation, the adjacent amphibolite-grade 
AMS should have also experienced eclogite-facies metamorphism (Stewart and Miller, 
2002).  
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3.3. COLLISIONAL MODELS  
If the Piedmont terrane was sufficiently large to induce continental collision when it 
collided with eastern North America (approximately 30 km root, Beaumont et al., 1996), two 
alternative exhumation mechanisms may have been possible. Traditionally, collisional 
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exhumation models have been broken into two major categories, slab-extrusion models (e.g. 
Maryama et al., 1994; Chemenda et al., 1995, 1997; Ernst et al., 1997; Ye et al., 2000; 
Rubatto and Hermann, 2001; Burov et al., 2001) and slab-extraction models (e.g. Froitzheim 
et al, 2003; Janak et al., 2004, 2006; Pilchin, 2005).  
3.3.1. SLAB-EXTRUSION MODEL 
Slab-extrusion models are similar to squeezing a tube of toothpaste, the inside of the 
tube acting as the subduction channel. During continental collision, basement rocks along 
with mélange are subducted to eclogite-facies depth (typically 60 to 120 km but may exceed 
200 km depth; Ernst, 2003). Buoyancy of continental basement rocks provides the primary 
driving force for exhumation of the regional eclogite-facies terrane (Ernst et al., 2997; Ye et 
al., 2000; Rubatto and Hermann, 2001; Burov et al., 2001), slab break-off may provide a 
secondary force (Rubatto and Hermann, 2001; Figure 5). This model requires a normal fault 
to the east of the AMS and a thrust fault to the west. There is no documented Taconic thrust 
west of the AMS and no normal fault has been identified east of the accretionary wedge to 
date.  
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3.3.2. SLAB-EXTRACTION MODEL 
 The slab-extraction model proposed by Froitzheim et al. (2003) requires two oceanic 
sutures between two continental masses (Figure 6). Eclogite is formed in the oceanic-
continental subduction zone (Froitzheim et al., 2003). The interior slab breaks off, creating 
void space in which the underlying high-pressure rocks isostatically rise to fill the void space 
(Froitzheim et al., 2003). The eclogite-facies terrane is then emplaced at the top of the 
overlying accretionary wedge (Froitzheim et al., 2003). This model requires two stacked 
oceanic sutures, which have not been identified in the eastern Blue Ridge. It also predicts the 
emplacement of eclogite at the structural top of the accretionary wedge, but eclogite is found 
at the structural base of the AMS. 
 
  
  
  
 
 
 
 
 
 
CHAPTER 4  
METHODS 
This project focuses on the metasedimentary and metaigneous rocks of the AMS to 
determine if relicts of eclogite-facies metamorphism have been preserved in zircon, despite 
possible obliteration of eclogite-facies minerals in the bulk rock during retrogression. 
Knowing whether the eclogite blocks are isolated or part of a regional eclogite-facies terrane 
should provide important constraints on the exhumation history of the AMS eclogite. Using 
scanning electron microscope (SEM), cathodoluminescence (CL), and Raman spectroscopy 
on mineral inclusions in zircon contained within the AMS amphibolite-facies rocks, an 
earlier, higher-grade metamorphic history that is no longer preserved in the bulk mineralogy 
may be identified. 
Mineral inclusions in zircon can preserve earlier metamorphic episodes because 
zircon is mechanically strong, impermeable, resistant to recrystallization, has a high closure 
temperature (e.g. Hanchar and Miller, 1993), and therefore shields the inclusions from later 
metamorphism. Dubé (2001) used Raman spectroscopy to study mineral inclusions in zircons 
from AMS amphibolite collected from the Micaville, NC quadrangle and compared those 
inclusions to those in zircons from the eclogite (figures 20 and 21 in Dubé, 2001). Analysis 
of inclusions from 100 zircons from a single locality identified primarily apatite, quartz, and 
biotite, providing no evidence that this sample of AMS amphibolite ever reached peak 
eclogite-facies metamorphism (Dubé, 2001). The present study focuses on samples of 
amphibolite and amphibolite-facies metasedimentary gneiss located approximately 10 km 
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closer to, and more importantly in between, mapped eclogite bodies located in the 
Bakersville, NC quadrangle (Figure 2).  
Zircons from four locations within the AMS were analyzed (Figure 2). Of these four 
samples, three were from the amphibolite-grade rocks (BAK04-002; BAK05-001; BAK05-
003) and one was from known eclogite (BAK98-100). Rock samples were crushed and 
zircons were isolated and mounted into epoxy using techniques outlined in Dubé (2001) (see 
Appendix A for a complete description of the sample preparation techniques). Samples were 
first examined using optical petrography to target inclusions of interest, followed by 
SEM/energy dispersive x-ray (EDS) analyses to obtain an estimate of the relative elemental 
abundances in inclusions exposed on the polished zircon surface.  SEM/EDS analysis 
enabled better constraint as to which mineral species were present. Subsequent Raman 
spectroscopy and electron microprobe analysis, then, allowed for more precise identification 
of inclusions contained in the zircons.  
4.1. SEM  
SEM/EDS analysis was completed using the Cambridge/Leica Stereoscan 440 SEM 
located in the Department of Geological Sciences at the University of North Carolina at 
Chapel Hill. The SEM transmits an electron beam onto the sample which interacts with the 
atoms on the sample’s surface. The electron beam causes electrons in an atom to jump to 
higher energy shell.  Electrons are in an unstable configuration in this higher shell. When the 
electron returns to the lower energy shell, the excess energy is released as a photon in the x-
ray spectrum. The EDS detector measures the energy from the emitted x-ray which is related 
to the specific element and shift in electron shell. A plot of the emitted energy is compared to 
known energy outputs produced by the various elements to identify which elements are 
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present.  More abundant elements are represented by larger peaks, which results in a semi-
quantitative analysis of the chemical composition of the material. As the electron beam 
interacts with the atoms on the surface, the beam does not penetrate deep into the sample (no 
more than one micron under normal operating conditions; Goldstein et al., 2003). Therefore, 
SEM/EDS analysis is only capable of analyzing inclusions at the surface.  
4.2. RAMAN SPECTROSCOPY  
Inclusions exposed at the surface and embedded within zircon were analyzed using 
Raman spectroscopy in the Department of Physics and Astronomy at the University of North 
Carolina at Chapel Hill. Raman spectroscopy measures how light is scattered as it passes 
through a solid or crystal lattice (see Nasdala et al., 2004 for complete review). Outgoing 
photons (Raman signal) display a change in wavelength, known as the energy shift, from the 
original incoming photons. The frequency and location of peaks in a Raman spectrum is a 
function of vibrations of the atomic nuclei, which is controlled by atomic size, valence state, 
average atomic mass of the compound, bond forces, and crystal symmetry (Nasdala et al., 
2004).  A CCD (charge-coupled device) cooled by liquid nitrogen and attached to a very-
high-resolution spectrometer detects the scattered photons. This results in a plot of the 
number of counts (intensity) vs. energy shift (usually given as wave number).  A Dilor Triple 
Spectrograph XY Raman Spectrometer, equipped with a CCD was used for this study. 
Excitation was provided by the 514.5 nm wavelength Ar-ion laser. In transparent grains, 
Raman spectroscopy has the ability to identify mineral inclusions that are not exposed on the 
surface, which makes it a powerful tool for analyzing small inclusions.  
Samples were analyzed for 300 seconds with a beam power of 800 mW. When 
analyzing inclusions not exposed on the polished surface or an inclusion close to the width of 
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the beam (~5 µm), the resulting spectrum will be a combination of zircon (the host mineral) 
and the inclusion. The Raman spectrum for zircon is distinctive (Figure 7) and can be 
removed from a spectrum containing both zircon and the target inclusion peaks. 
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4.3. ELECTRON MICROPROBE ANALYSIS  
Electron microprobe analyses were performed by Dr. Brent V. Miller at Texas A&M 
University to obtain chemical compositions of inclusions contained in zircon from AMS 
eclogite. The presence of eclogite-facies minerals such as pyrope-rich garnet and omphacite 
would support the hypothesis that zircon grew during eclogite-facies metamorphism. The 
presence of almandine-rich garnet, hornblende, plagioclase, and other amphibolite-facies 
minerals would suggest that zircon formed during amphibolite-facies metamorphism (either 
pre- or post-peak eclogite-facies). The presence of amphibolite-facies and eclogite-facies 
minerals would suggest that zircon likely grew during the transition between amphibolite- 
and eclogite-facies metamorphism. 
4.4. U-PB GEOCHRONOLOGY  
U-Pb geochronology was performed on BAK04-002, an AMS amphibolite to 
compare with the previously determined U/Pb age of the eclogite, ca. 460 Ma (Miller et al., 
2000, 2006). The timing of zircon growth will help constrain whether the eclogite and 
amphibolite experienced the same tectonic history.  Similar ages for the zircons in the 
amphibolite the eclogite and identification of eclogite-facies inclusions within the 
amphibolite zircons supports the hypothesis of a regional eclogite terrane.  If the AMS 
amphibolite zircon age is younger than that of the eclogite, it indicates that the amphibolite 
experienced post-Taconic recrystallization, likely during either the Acadian or Alleghanian 
orogenies that affected the southern Appalachians.    
 
 
 
 
 
 
  
  
  
 
 
 
 
 
 
CHAPTER 5  
INCLUSION ANALYSIS  
5.1. BAK04-002 
 Zircon morphology from BAK04-002, an AMS amphibolite, ranges from small 
rounded crystals (~30-150 µm) to medium (150-200 µm); slightly elongate or oval-shaped 
(Figure 8). CL images show weak and patchy internal zoning with complex boundaries 
(Figure 9). These zircons are interpreted to be metamorphic, due to their round to slightly 
elongate morphology and lack of distinct igneous zoning. Therefore, mineral inclusions 
trapped within these zircons are expected to record the metamorphic event in which they 
grew. 
Titanite and apatite were commonly found as inclusions within zircon in this sample, 
identified by the EDS/SEM (Figure 10). Ferro-aluminous inclusions are also frequently 
found.  The mineralogy cannot be determined based on the EDS spectrum, but they are 
presumed to be garnet due to elements present and their pink coloring (Figure 10). Raman 
spectroscopy of these ferro-aluminous inclusions show  Raman spectra with a distinctive 
broad peak containing three sub-peaks at approximately 807, 820, and 837 cm-1 (Figure 11). 
Other common peaks from these inclusions are: 390, 638, 667, 731, 914, 931, and 1008 cm-1. 
These peaks do not match published spectra for the matrix minerals (e.g. hornblende, 
plagioclase, and epidote; Figures 12 to 14) but some of these peaks match Raman peaks for 
garnet (Figures 15 to 17). 
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 Garnet occurs as a solid-solution series primarily between almandine, pyrope, 
grossular, with lesser amounts of spessartine. Figures 15 through 17 show Raman spectra 
from the primary end member of interest, pyrope (Mg-rich; Figure 15), almandine (Fe-rich; 
Figure 16), and grossular (Ca-rich; Figure 17; data from the RRUFF database at the 
University of Arizona; http://rruff.info/index.php). If the targeted garnet has an intermediate 
composition, peaks are shifted on the x-axis based on the relative concentrations of Fe, Mg, 
and Ca cations in the crystal structure (two mode behavior; Kolesov and Geiger, 1998; 
Geiger, 2004).  
 Each peak in the garnet spectra from the inclusions within amphibolite zircons 
matches a peak that corresponds to one of the end members of garnet. Peaks matching pyrope 
include 914, 555, and 506 cm-1. Almandine matches the 507, 555, and 638 cm-1 peaks (note: 
two peaks from the spectra overlap between pyrope and almandine). Peaks at 667 cm-1, 1008 
cm-1, and the distinctive broad peak from 807 to 837 cm-1 match the grossular spectra. 
Inferred garnet peaks in the spectra obtained from amphibolite zircon are at 391, 791, 805, 
and 930 cm-1. The differences in these peaks are due to a combination of structural, chemical, 
and lattice dynamic properties of each of the end members of the garnet (Geiger, 2004).  For 
example, structural distortions arise from the difference in size and mass between X-site 
cation which results in variations in vibrations when excited (Geiger, 2004). If these garnets 
showed one-mode behavior, it would be due to X-site cation exchange of elements with 
similar mass and size, which does not occur between the pyrope and grossular end members, 
major constituents in these garnets (Kolesov and Geiger, 1998). Therefore, I interpret these 
peaks as a reflection of an intermediate garnet composition in the garnet solid-solution series 
based on the observation of two-mode behavior (Kolesov and Geiger, 1998; Geiger, 2004). 
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These variations result in peak shifts in the Raman spectra and create complications in 
predicting Raman spectra for intermediate garnet compositions (Geiger, 2004).  
5.2. BAK05-001 
Zircon from BAK05-001, an AMS amphibolite, are small (~30-150 µm) and have 
morphologies ranging from rounded to slightly elongate to oval (Figure 18). Zircons are 
interpreted to be metamorphic due to their morphology and lack of igneous zoning. 
Inclusions found within these zircons are also expected to record the grade of metamorphism 
in which they grew. SEM analysis of this sample identifies SiO2 (presumably quartz), 
titanite, apatite and the ferro-aluminous silicate (Figure 19). The presence of quartz (rather 
than a higher pressure polymorph) was confirmed by Raman analysis, which showed the 
characteristic quartz peak at 464 cm-1 (Figure 20). Two Raman spectra were obtained for the 
ferro-aluminous silicate inclusions (Figure 20 and 21). The spectra are very similar to those 
obtained from the ferro-aluminous mineral inclusions from BAK04-002 (Figure 11) and, 
thus, appear to have approximately the same garnet composition. Peaks matching pyrope 
include 914, 555, and 506 cm-1. Almandine matches the 507, 555, and 638 cm-1 peaks (note: 
two peaks from the spectra overlap between pyrope and almandine). Peaks at 667 cm-1, 1008 
cm-1, and the distinctive broad peak from 807 to 837 cm-1 match the grossular spectra. 
Inferred garnet peaks in the spectra obtained from amphibolite zircon are at 391, 791, 805, 
and 930 cm-1. 
The spectrum in Figure 20 contains both the quartz and garnet peaks, likely due to 
mineral inclusions of these phases in this zircon. If the quartz and garnet inclusion are both 
within detection limits of the laser Raman (~5 µm) both phases would be excited and result 
in a plot of both phases. Optically, these inclusions could not be resolved. Therefore, it is 
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suggested the inclusions were stacked vertically within the zircon. Apatite and titanite are 
common minerals in the amphibolite and also in retrogressed eclogite (See Appendix B), but 
quartz is not present in the bulk rock mineralogy of these samples. 
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5.3. BAK05-003 
AMS biotite-hornblende gneiss contained zircons with elongate morphology and with 
clearly visible inherited cores. The cores of the zircons contained inclusions of biotite and/or 
muscovite determined by EDS/SEM (Figure 22a). Clear zircon overgrowths, most likely due 
to metamorphism, are present in a number of zircons from this unit (Figure 22b). Unlike the 
inherited detrital cores of these zircons, the rims may preserve inclusions from peak 
metamorphism of the AMS metasedimentary rocks. One clear metamorphic rim identified 
using optical petrology, contained a pink inclusion. This inclusion yields the same Raman 
spectrum as the garnet mineral inclusions in AMS amphibolite zircons (Figure 23).  
5.4. AMS GARNET AMPHIBOLITE AND AMS GARNET-MICA SCHIST  
Raman spectra from the garnet inclusions hosted in AMS amphibolite and biotite-
hornblende gneiss zircon were compared to spectra collected from garnet in the bulk rock 
assemblage (matrix garnet hereafter) in garnet-bearing units within the AMS including garnet 
amphibolite (BUR-240; 3978900mN, 386180mE; top of Locust Rough Mountain, Burnsville, 
NC quadrangle; Figure 24) and garnet-mica schist (BUR-015A; 3970845mN, 3787700mE; 
Slickrock Mountain, Burnsville, NC quadrangle; Figure 25). Some peaks of the Raman 
spectra of the matrix garnet match those of the garnet inclusions in zircon from BAK05-001, 
BAK04-002 and BAK05-003 but with different peak heights and none of the matrix garnets 
exhibited the distinctive broad peak from 807 to 837 cm-1 exhibited by the garnet inclusions 
in zircon. I interpret these differences to represent variation in composition between the 
matrix garnet and garnet inclusions hosted in zircon. 
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5.5. BAK98-100 
A Raman spectrum was collected from the matrix garnet in the AMS eclogite for 
comparison with the garnet inclusions within AMS amphibolite and biotite-hornblende 
gneiss zircon. The spectrum matches four of the peaks found in inclusions in the AMS 
amphibolite and biotite-hornblende gneiss zircon, but it does not match the distinctive broad 
peak from 807 to 837 cm-1 and relative peak intensities differ (Figure 26).  If zircon formed 
concurrently in the eclogite, amphibolite, and biotite-hornblende gneiss, then the Raman 
spectra of garnet included within the zircon should have the same composition and, thus, 
display similar patterns. These spectra indicate that the matrix garnet in the eclogite did not 
form concurrently with the inclusions in zircons in the amphibolite or biotite-hornblende 
gneiss. 
Garnet inclusions within the AMS amphibolite and biotite-hornblende gneiss were 
then compared to spectra from garnet inclusions within AMS eclogite zircon. Both AMS 
amphibolite and eclogite zircons contain small (1-20 µm), round, pink-colored inclusions. 
The Raman spectrum from these pink-colored inclusions within the AMS eclogite zircon 
match well with the distinctive broad peak found in garnet inclusions from AMS amphibolite 
and biotite-hornblende gneiss zircon, with three individual peaks at 810, 820, and 837 cm-1 
(Figure 27). Garnet inclusions within the AMS amphibolite zircons match all except the 223, 
354, 438, and 618 cm-1 peaks from the garnet inclusions in eclogite zircons. These peaks 
match with other garnet peaks that are not seen in garnet contained in the amphibolite or 
biotite-hornblende gneiss zircon. The 223 cm-1 peak matches well with almandine. An 
additional pyrope is at 354 cm-1, and an additional grossular peak is at 618 cm-1. The peak at 
438 cm-1 is interpreted to be a result of the solid-solution series.  The Raman spectra of 
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garnet inclusions found in zircon from AMS amphibolite, biotite-hornblende gneiss, and 
eclogite indicate garnet of similar composition. 
The precise composition of the garnet inclusions as well as other inclusions should 
provide some information about where in the metamorphic path the zircon grew. Electron 
microprobe data provided by Dr. Brent V. Miller found pyrope-rich garnet inclusions with a 
composition of Py30-34Alm47-50Grs15-18Sps1 in the eclogite zircon. In addition, to the pyrope-
rich garnet, Dr. Brent V. Miller also identified inclusions of omphacite (Figure 28), diopside, 
epidote, hornblende and plagioclase as inclusions in AMS zircon.  The assemblage of 
pyrope-rich garnet, omphacite, diopside and epidote suggests that zircons contained in Lick 
Ridge eclogite formed during eclogite-facies metamorphism. However, they were likely not 
formed during peak metamorphism due to the presence of hornblende and plagioclase 
inclusions, indicative of lower-grade conditions.  It is not clear as of yet whether these 
zircons were formed during pre-peak or post-peak metamorphism. 
However, Dr. Brent V. Miller also identified biotite as an inclusion within eclogite 
zircon. Page et al. (2003) interpreted biotite inclusions found in matrix garnet from the AMS 
eclogite to represent prograde metamorphism at 13-16 kbar at 630-660°C. These conditions 
are close to the estimated peak eclogite-facies conditions, which are supported by the 
presence of omphacite and pyrope-rich garnet inclusions in eclogite zircon.  
Microprobe analysis of garnet included within AMS amphibolite zircon was not done 
for this study. However, the similar Raman spectra of garnet included within AMS 
amphibolite, biotite-hornblende gneiss, and eclogite zircon indicate similar compositions, 
suggesting the same conditions. If the amphibolite zircons grew at the same time as the 
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eclogite zircons, that would support the interpretation that the AMS amphibolite and eclogite 
followed the same P-T-t path. 
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CHAPTER 6  
AMPHIBOLITE GEOCHRONOLOGY 
If the zircon in the eclogite and the amphibolite grew under the same P/T conditions; 
then zircon from AMS amphibolite should yield the same age as zircon from the Lick Ridge 
eclogite (459 +1.6/-0.6 Ma; Miller et al., 2000, 2006). Sample BAK04-002 was selected for 
U-Pb geochronology. Sixteen fractions of zircon were selected for U-Pb geochronology 
(Figures 29-32). Eight fractions were abraded using chemical abrasion and the remaining 
eight were abraded using physical abrasion (see below for reasoning). 
Eight fractions were dissolved for the first run of U-Pb geochronology (Figure 29 and 
30). Four fractions (CA-1, CA-2, PA-2, PA-4) contained 6-12 large (80-115 µm) zircons 
with rounded to oval morphology. Three fractions (CA-3, CA-4, PA-1) contained 20-35 
small (≤60 µm) zircons with rounded to oval morphology. The remaining fraction of this run 
(PA-3) contained large (>100 µm) elongate zircons.  
Eight fractions were dissolved for a second run of U-Pb geochronology (Figures 31 
and 32). Fraction CA-5 contained medium-sized (50-75 µm) rounded zircons. Fraction CA-6 
contained very small (<50 µm) rounded zircons. Two fractions, CA-7 and PA-6, contained 
small- to medium-sized (~50-100 µm) elongate zircons. Fraction CA-8 contained 14 large-
sized (75-200 µm) elongate zircons. Fraction PA-5 contained medium- to large-sized (75-125 
µm) rounded zircons. Fraction PA-7 contained small- to medium-sized (≤75 µm) rounded 
zircons. The final fraction (PA-8) contained medium- to large-sized (75-100 µm) slightly 
elongate zircons. 
  
  
  
51 
 
 
  
  
  
52 
 
  
  
  
53 
 
  
  
  
54 
 
Eight fractions (designated by CA prefix) were prepared by using the thermal 
annealing and chemical abrasion techniques modified from those described by Mattinson 
(2005) and Mundil et al., 2004 (Figures 29 and 31). Chemical abrasion removes regions of 
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the zircon that have experienced the greatest Pb-loss due to radiation damage which normally 
correlates to the parts of the grain with high U and Th (Mattinson, 2005).  The resulting 
analyses are typically more concordant than those treated with chemical abrasion.  
The final eight fractions using physical abrasion (designated by PA prefix), as outlined by 
Krogh (1982)(Figures 30 and 32). This technique targets the outer rims of the zircon, leaving 
the interior of the crystal untouched. As these rocks were affected by multiple orogenic 
events, the outer-most rims of zircon may have formed during later orogenic events 
(Alleghanian and/or Acadian).  Analysis of zircon formed during multiple metamorphic 
events would yield a mixed age.  Thus, these rims were removed to isolate zircon formed by 
the earliest metamorphic event.   
6.1. RESULTS 
Analysis of preliminary data did not result in an age for this unit. Twelve fractions 
were analyzed by the TIMS (CA-1, CA-2, CA-5, CA-6, CA-7, CA-8, PA-3, PA-4, PA-5, PA-
6, PA-7, PA-8). After the physical abrasion process, two mineral fractions (PA-2 and PA-3) 
exhibited a flaky appearance which is not a property of zircon. Therefore, it was concluded 
these two fractions were not zircon and were not analyzed in the TIMS. Each sample 
contained very low amounts of U and therefore there was not enough Pb for analysis.  
Multiple explanations are offered to account for these results. One possibility is an 
error in performing column chemistry. However, the possibility of this is very low as the 
mixed spike added to the sample was detected by the TIMS. Another possibility is that the 
mineral populations were not zircon, but another mineral low in U and Pb. Apatite and 
titanite are common minerals found in this sample post-separation. Apatite is highly unlikely 
as it would have been dissolved during either the chemical abrasion process or during the 
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post-physical abrasion cleaning process. Titanite is a possibility; however, titanite is 
normally rich in U and Pb. A more likely possibility is that zircon was not fully dissolved 
during the dissolution process or that the zircons were not successfully loaded into the 
dissolution vessels. Further research will address each of these issues to help in obtaining an 
age for the AMS amphibolite.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
  
 
 
 
 
 
 
CHAPTER 7  
TECTONIC MODEL 
Garnet inclusions in eclogite zircon were found to be pyrope-rich and are associated 
with omphacite, which suggests zircon formed during pre- or post-peak eclogite-facies 
conditions. Inclusions of garnet within zircon from the AMS amphibolite and biotite-
hornblende gneiss are interpreted to be of similar composition as the garnet inclusions in 
eclogite zircon based on similar Raman spectra, and thus, also formed at pre- or post-eclogite 
facies conditions. Chemically similar garnet found in zircon within AMS eclogite, 
amphibolite, and biotite-hornblende gneiss that is consistent with pre- or post-peak eclogite-
facies metamorphism suggests the AMS was once part of a regional eclogite-facies terrane. 
These data place new constraints on possible exhumation models of the Lick Ridge eclogite.  
In this model, sandstone, mudstone and basaltic protoliths of the AMS were all 
subducted to eclogite-facies depth (~50 km; Page et al., 2003) within the accretionary wedge 
formed during the Taconic orogeny. New zircon formed in the mafic rocks during the 
transition from amphibolite to eclogite-facies metamorphism during either pre-peak or 
slightly post-peak conditions, entrapping pyrope-rich garnet and omphacite in the zircon. 
Detrital zircons from the metasedimentary rocks formed metamorphic rims in which pyrope-
rich garnet was trapped. Subsequently, some of the rocks were retrogressed to amphibolite 
facies, producing the pattern of exposure that we have observed.  Although the bulk 
mineralogy of these rocks was changed, the record of the earlier high grade history was 
preserved in the zircons.   
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It now appears that the AMS contain an approximately 4 km2 area that underwent 
eclogite facies metamorphism.  Thus, Fransciscan-type models of exhumation (e.g. Cloos, 
1982) no longer apply. Instead, exhumation must have occurred by a mechanism that is 
capable of bringing large tracts of eclogite-facies rocks close to the surface. These models are 
discussed below. 
7.1. EXTENSIONAL UNROOFING MODEL 
Extensional unroofing involves underplating of sediments beneath an accretionary 
wedge causing a mechanical instability in the wedge, which results in extension (Platt, 1986; 
Figure 4). If this is the correct emplacement mechanism, a series of normal faults would have 
developed, but no normal faults have been found within the AMS to date.  However, with the 
extensive subsequent tectonic activity that has occurred in this region, a normal fault may 
have been reactivated during later deformation, obscuring the early history. Future studies 
may identify normal faults. 
7.2. SLAB-EXTRUSION MODEL 
An alternative possibility would occur if the size of the Piedmont terrane induced 
continental collision (Figure 5). In this model, basement rocks along with mélange are 
subducted to eclogite-facies depth (typically 60 to 120 km but may exceed 200 km depth; 
Ernst, 2003). The relatively high buoyancy of continental basement rocks provides the 
primary driving force for exhumation of the regional eclogite-facies terrane (Ernst et al., 
2997; Ye et al., 2000; Rubatto and Hermann, 2001; Burov et al., 2001), slab break-off may 
provide a secondary force (Rubatto and Hermann, 2001; Figure 5). If the Lick Ridge eclogite 
was produced within a boundary undergoing continental collision, then the continental 
margin rocks would also have experienced eclogite-facies metamorphism. To date, no relics 
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of eclogite-facies metamorphism have been found in the granulite-facies basement rocks 
surrounding the Lick Ridge eclogite. Future research, including zircon inclusion studies may 
show relics of eclogite-facies metamorphism in these rocks. If eclogite-facies mineral 
inclusions are found within zircon of basement rocks, it would support the hypothesis that the 
Piedmont terrane was large enough to produce continental collision and exhumation occurred 
within the subduction channel instead of by extensional unroofing of an accretionary wedge. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
  
 
 
 
 
 
 
CHAPTER 8  
CONCLUSIONS 
Matching Raman spectra of garnet inclusions within zircon from AMS amphibolite, 
biotite-hornblende gneiss, and eclogite suggest concurrent formation of zircon under similar 
P/T conditions. Pyrope-rich garnet and omphacite inclusions in eclogite zircon suggest zircon 
formed during eclogite facies metamorphism. The presence of lower grade minerals in the 
inclusion suite suggests that zircon formed at either pre or post-peak conditions. These new 
data suggest the AMS constituted a regional eclogite-facies terrane and were exhumed by 
one of two mechanisms; 1) extensional unroofing in an accretionary wedge or 2) slab 
extrusion in a continental collision setting. Future work may be able to distinguish between 
the two models. 
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APPENDIX A:  
SAMPLE PREPARATION 
ZIRCON EXTRACTION 
Whole rock was broken into fist-sized pieces and fed through a Chipmunk jaw 
crusher, yielding gravel-sized fragments. Gravel sized fragments were ground to a fine sand 
in a disk mill. Heavy minerals were isolated from the resulting sand-sized particles using a 
water table. The heavier mineral fractions were then run through a Franz magnetic separator 
at intervals of 0.25A, 0.5A, 1.0A and 1.75A. The least magnetic fraction was then processed 
through MEI heavy liquid separation, separating out the most dense minerals (including 
zircon) from the lighter of the heavy minerals. BAK04-002 required further magnetic 
separation to remove pyrite from the resulting grains. To accomplish pyrite removal, the 
sample was run through the Frantz magnetic separator at 1.75A and an angle of 10º. Samples 
BAK04-002 and BAK05-001 contained a large quantity of apatite, nearly indistinguishable 
from zircon optically. To dissolve apatite, these samples were placed into Teflon containers 
with 3.5 M nitric acid and were left on a hotplate overnight. 
 
ZIRCON PICKING AND MOUNTING 
Samples were placed into petri dishes, filled with ethyl alcohol and zircon was picked 
from remaining bulk, broken into fractions based on morphology (when distinguishable) and 
mounted onto glass plates covered with double-sided tape. Epofix epoxy was slowly mixed 
to avoid incorporation of extra air bubbles. This epoxy is fully activated when it looks 
homogonous and no longer contains marble-like swirls when stirring. Epoxy was then poured 
slowly and carefully into mounts in order to minimize entrapment of air bubbles at the 
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surface of the mount. When fully activated, the epoxy will cure overnight, covered and with a 
weight placed on top of the mount. 
 
MOUNT POLISHING 
  Following the curing of epoxy mounts, mounts were polished using a mixture of 
sandpaper and diamond polish. 800 grit sandpaper was used to remove large grooves in the 
puck surface, including tape grooves (depending on zircon size, tape grooves may not be 
totally removed). 600 grit sandpaper was then used carefully to grind approximately half way 
through zircons (observed optically on a transmitted light microscope), followed with 1500 
grit sandpaper to remove remaining surface abrasions and to ensure zircons are fully 
exposed. Mounts were then polished using 6 micron diamond polish suspended in liquid to 
remove final grooves in the zircon and epoxy puck. The final polish used on epoxy pucks 
was a 1 micron diamond polish suspended in liquid to smooth out the puck and leave it with 
a mirror-finish. 
 
SEM PREPARATION 
 Epoxy pucks were prepared for SEM analysis by gold coating the surface. Each 
sample was placed in the sputter coater for approximately 20 seconds to ensure each sample 
was properly coated to not induce a charge in the SEM. 
 
LASER RAMAN PREPARATION 
 For compatibility with Laser Raman, gold coating must be completely removed from 
samples. If gold-coating is left on the sample it can have one of two effects, 1) the gold 
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coating will enhance the signal by acting as a conductor or 2) photons will reflect off of the 
gold coating, dampening the signal. In my research, the latter of the two scenarios occurred, 
therefore, gold coating was completely removed before attempting Raman Spectroscopy on 
samples. Samples were first subjected to a light scrub with ethyl alcohol. Ethyl alcohol was 
placed onto a KimWipe first, as ethyl alcohol will damage epoxy if applied directly, and 
lightly scrubbed until most of the gold coat visible to the naked eye was removed. Samples 
were then placed into a small beaker of water in the ultrasonic for no longer than five 
minutes to remove more gold coating. Following the ultrasonic bath, samples were carefully 
polished with 1500 grit sandpaper until most of the gold coating was not evident using a 
transmitted light microscope. During polishing, samples were checked optically, frequently, 
to ensure all zircons were preserved. Mounts were then polished using the 6 micron diamond 
polish suspended in liquid until all gold coat was removed (some may still remain on zircon 
margins or in large grooves). Finally, mounts were polished using 1 micron diamond polish 
suspended in liquid for approximately 5 minutes until nearly all remaining grooves in both 
zircon and mount were removed without plucking out smaller zircons. This process should 
leave mounts with a mirror finish and may be followed up by polishing with a silk cloth and 
0.5 micron alumina powder. 
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APPENDIX B:  
THIN SECTION ANALYSIS/SAMPLE CATALOG 
BAK04-002 
In hand sample, this AMS amphibolite contains medium- to coarse-grained 
hornblende with plagioclase visible using a hand lens. This sample is poorly foliated. Bulk 
mineralogy of this AMS amphibolite, using optical petrography, includes amphibole, 
clinopyroxene, and plagioclase feldspar. Accessory minerals include titanite, zircon, apatite, 
and rutile. Epidote occurs as a secondary mineral in this sample.  
BAK05-001 
 In hand sample, this AMS amphibolite contains fine-grained, finely foliated, 
hornblende and plagioclase that are not easily identified with the unaided eye. Bulk 
mineralogy of this AMS amphibolite, using optical petrography, includes amphibole, 
clinpyroxene, and plagioclase feldspar. Accessory minerals include titanite, zircon, apatite, 
and rutile. Epidote occurs as a secondary mineral in this sample. 
BAK05-002 
In hand sample, this rock is very feldspar-rich with biotite and muscovite creating 
schistosity. Potassium feldspar, biotite, and muscovite are identifiable using a hand lens. 
Bulk mineralogy, using optical petrography, is predominately potassium feldspar with minor 
amounts of quartz, biotite, and muscovite. Accessory minerals include minor amounts of 
zircon and apatite. Due to the large amount of potassium feldspar and the relatively minor 
amount of muscovite, this is likely a sheared pegmatite of Devonian age in the AMS.  
BAK05-003 
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 In hand sample, this rock has gneissic foliation with thin hornblende, pyroxene, 
biotite-rich layers between thicker layers containing plagioclase feldspar. Bulk mineralogy, 
using optical petrography, of this AMS hornblende biotite gneiss includes: hornblende, 
biotite, plagioclase feldspar, and pyroxene. Zircon and apatite occur as accessory minerals.  
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APPENDIX C:  
RAMAN DATA 
Day 1: 
Sampled analyzed (BAK05-001) 
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BAK05-002-M1: Zircon 2
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BAK05-002-M1: Zircon (2-2)
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BAK05-002-M1: Zircon (3)
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BAK05-002-M1: Zircon (4)
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BAK05-002-M1: Zircon (4-2)
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BAK05-002-M1: Zircon (4-3)
1800
2800
3800
4800
5800
6800
7800
150 250 350 450 550 650 750 850 950 1050
Raman Shift
Co
u
n
ts
 
Noisy spectrum (BAK05-001) 
  
  
  
73 
BAK05-002-M1: Zircon (4-4)
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BAK05-002-M1: Zircon (4-5)
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BAK05-002-M1: Zircon (4-6)
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BAK05-002-M1: Zircon (4-7)
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BAK05-002-M1: Zircon (4-8)
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BAK05-002-M1: Zircon 5
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BAK05-002-M1: Zircon 6
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BAK05-002-M1: Zircon (7)
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BAK05-002-M1-Z4-1: Labeled Al-silicate
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Day 2: 
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Noisy spectrum with zircon (BAK04-002) 
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Zircon spectrum with small amplitude broad garnet peak (BAK04-002) 
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Zircon spectrum with garnet peaks included. (BAK04-002) 
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Zircon spectrum with garnet (BAK04-002) 
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Garnet spectrum with no zircon influence (BAK04-002) 
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Garnet spectrum with no zircon influence (BAK04-002) 
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Zircon spectrum with a small amplitude broad garnet peak (BAK04-002) 
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Garnet spectrum with a few zircon peaks (BAK04-002) 
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Day 3: 
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Zircon spectrum with garnet peaks (BAK04-002) 
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Garnet spectrum with quartz (BAK04-002) 
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Garnet rim - eclogite (BAK98-100) 
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Pyroxene – eclogite (BAK98-100) 
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Pyroxene – eclogite (BAK98-100) 
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Rim of large garnet – eclogite (BAK98-100) 
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Core of large garnet – eclogite (BAK98-100) 
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Pyroxene core – eclogite (BAK98-100) 
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Pyroxene core – eclogite (BAK98-100) 
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Pyroxene core – eclogite (BAK98-100) 
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Garnet core – eclogite (BAK98-100) 
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Day 4: 
BAK04-002-M5: zircon with little garnet
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Zircon spectrum with low amplitude garnet peak (BAK04-002) 
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Garnet spectrum with noise (BAK04-002) 
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Garnet spectrum with noise (BAK04-002) 
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Zircon spectrum with garnet peaks (BAK05-001) 
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Zircon spectrum with garnet peaks (BAK05-001) 
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Zircon spectrum with garnet peaks (BAK05-001) 
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Garnet spectrum from eclogite zircon inclusion (BAK98-100) 
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Zircon spectrum with garnet (BAK05-003) 
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Garnet Amphibolite
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Garnet spectrum from AMS garnet amphibolite (BUR-240) 
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Garnet Mica Schist
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Garnet spectrum from garnet mica schist (BUR-015A) 
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